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Â êàòàëîãå áëàçàðîâ BZCAT îáúåêòû ðàçäåëåíû íà 4 òèïà: BZB, BZQ, BZG è BZU.
Â äàííîé ðàáîòå èññëåäóþòñÿ îáúåêòû BZG ñ öåëüþ îïðåäåëåíèÿ èõ ôèçè÷åñêîé ïðèðîäû.
Èç 274 BZG îáúåêòîâ 150 èìåþò îïòè÷åñêèå ñïåêòðû â ñïåêòðîñêîïè÷åñêîì êàòàëîãå
SDSS, äëÿ êîòîðûõ áûëà ïðîâåäåíà äåòàëüíàÿ ñïåêòðàëüíàÿ êëàññèôèêàöèÿ. Ðàäèî èññëå-
äîâàíèå ïîêàçàëî, ÷òî ýòè îáúåêòû â îñíîâíîì (69%) èìåþò ïëîñêèé ðàäèî ñïåêòð ñî
ñïåêòðàëüíûì èíäåêñîì ìåíüøå, ÷åì ±0.5. Ñ òàêèìè ðàäèî ñïåêòðàìè äîìèíèðóþò êâàçàðû.
Íî, ñ óâåëè÷åíèåì ðàññòîÿíèÿ, â ñðåäíåì ðàäèî ñïåêòð ñòàíîâèòñÿ áîëåå êðóòûì.

Êëþ÷åâûå ñëîâà: áëàçàð: êâàçàð: îïòè÷åñêàÿ ñïåêòðàëüíàÿ êëàññèôèêàöèÿ:

      ðàäèî ñïåêòðàëüíûé èíäåêñ

1. Ââåäåíèå. Ñðåäè àêòèâíûõ ãàëàêòè÷åñêèõ ÿäåð (ÀßÃ) íàèáîëåå èíòå-

ðåñíû áëàçàðû ñ êîìáèíàöèÿìè äâóõ ïîäòèïîâ: à) îáúåêòû BL Lac (BLL) è

îñîáûå òèïû êâàçàðîâ (QSO) - îïòè÷åñêè ñèëüíûå ïåðåìåííûå (OVV) è á)

âûñîêîïîëÿðèçîâàííûå êâàçàðû (HPQ). Áëàçàð õàðàêòåðèçóåòñÿ êàê î÷åíü

êîìïàêòíûé êâàçàð, ñâÿçàííûé ñ ïðåäïîëàãàåìîé ñâåðõìàññèâíîé ÷åðíîé

äûðîé (Super Massive Black Hole) â öåíòðå àêòèâíîé ãèãàíòñêîé ýëëèïòè÷åñêîé

ãàëàêòèêè. Áëàçàðû ÿâëÿþòñÿ ñàìûìè ýíåðãåòè÷åñêèìè îáúåêòàìè âî Âñåëåííîé

[1]. Ïåðâîíà÷àëüíî îáúåêò BL Lac áûë îáíàðóæåí Õîôôìåéñòåðîì [2] êàê

ïåðåìåííàÿ çâåçäà, à ïîçæå îí áûë èäåíòèôèöèðîâàí Øìèòòîì [3] ñ âíåãàëàê-

òè÷åñêèì èñòî÷íèêîì.

Ìàññàðî è äð. [1] ïðåäñòàâèëè êàòàëîã áëàçàðîâ BZCAT v.5, â êîòîðîì

îíè ðàñïðåäåëåíû íà 4 òèïà: BZB (Ëàöåðòèäû, BL Lac èëè BLL), BZQ

(Êâàçàðû), BZG  (Ãàëàêòèêè) è BZU (Íåîïðåäåëåííûé êëàññ). Â òàáë.1 äàíî

ðàñïðåäåëåíèå òèïîâ áëàçàðîâ èç êàòàëîãà BZCAT.

Â îäíîé èç íàøèõ ïðåäûäóùèõ ðàáîò ìû èññëåäîâàëè è êëàññèôè-

öèðîâàëè îáúåêòû BZU. Äàííàÿ ðàáîòà ïîñâÿùåíà äåòàëüíîé ñïåêòðàëüíîé

êëàññèôèêàöèè áëàçàðîâ òèïà BZG èç êàòàëîãà BZCAT.

2. Âûáîðêà îáúåêòîâ. Äëÿ èññëåäîâàíèÿ áûëè îòîáðàíû îáúåêòû BZG

èç êàòàëîãà BZCAT. Èç òàáë.1 âèäíî, ÷òî ìû èìååì 274 ãàëàêòèêè. Äëÿ 150
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èç 274 BZG îáúåêòîâ èìåþòñÿ îïòè÷åñêèå ñïåêòðû â ñïåêòðîñêîïè÷åñêîì

êàòàëîãå SDSS DR16 [4]. Äëÿ ýòèõ îáúåêòîâ ìû ïðîâåëè äåòàëüíóþ êëàññè-

ôèêàöèþ, èñïîëüçóÿ ñïåêòðû SDSS.

Èñïîëüçóÿ äàííûå ðàçíûõ êàòàëîãîâ è áàç äàííûõ VCV-13 [5], NASA/

IPAC Extragalactic Database (NED) è SDSS [4], ìû âûÿñíèëè êàêóþ îïòè÷åñêóþ

êëàññèôèêàöèþ èìåëè ýòè èñòî÷íèêè äî íàøåé êëàññèôèêàöèè. Â òàáë.2

ïðåäñòàâëåíû ýòè äàííûå.

Êàê âèäíî èç òàáë.2, ýòè îáúåêòû íå èìåþò äåòàëüíóþ îïòè÷åñêóþ êëàññè-

ôèêàöèþ. Îíè áûëè êëàññèôèöèðîâàíû êàê ãàëàêòèêè, ïîòîìó ÷òî â îïòè÷åñêîì

äèàïàçîíå (íà îïòè÷åñêèõ èçîáðàæåíèÿõ) èìåþò ïðîòÿæåííûé âèä. Íà ðèñ.1

ïðåäñòàâëåíû îïòè÷åñêèå èçîáðàæåíèÿ äâóõ òàêèõ ïðîòÿæåííûõ áëàçàðîâ.

Î÷åíü ÷àñòî èçìåðåíèÿ ñïåêòðîâ SDSS îñíîâàíû íà ëèíèÿõ íà óðîâíå

øóìà è íèçêîãî êà÷åñòâà. Â ðåçóëüòàòå àâòîìàòè÷åñêèå èçìåðåíèÿ ïðèâîäÿò

ê íåêîòîðûì íåïðàâäîïîäîáíûì ðåçóëüòàòàì. Òàêèì îáðàçîì, íåîáõîäèìî

N Òèï áëàçàðà               ×èñëî

1 BZB 1151 32.3 %

2 BZG 274 7.7 %

3 BZQ 1909 53.6 %

4 BZU 227 6.4 %

                Âñåãî 3561 100 %

Òàáëèöà 1

ÐÀÑÏÐÅÄÅËÅÍÈÅ ÒÈÏÎÂ ÁËÀÇÀÐÎÂ ÈÇ ÊÀÒÀËÎÃÀ BZCAT

Êëàññèôèêàöèÿ SDSS ñïåêòðû VCV-13 NASA/IPAC

S1 - 8 5
S2 - 4 1

S3 (LINER) - 2 -
S? - 1 -
BL - 54 49
BL? - 33 6
QSO 7 2 -
AGN - 2 -
Galaxy 143 - -

Flat-Spectrum radio
- - 21

source (FSS)
Âñåãî 150 106 82

Òàáëèöà 2

ÊËÀÑÑÈÔÈÊÀÖÈß BZG ÎÁÚÅÊÒÎÂ ÈÇ VCV-13, NED È SDSS
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òùàòåëüíî ïðîâåðèòü ñïåêòðû íà âñåõ äëèíàõ âîëíû è ðåøèòü, êàêèå èçìåðåíèÿ

ñëåäóåò èñïîëüçîâàòü äëÿ äàëüíåéøèõ èññëåäîâàíèé. Îñîáåííî âàæíû òå

ëèíèè, êîòîðûå èñïîëüçóþòñÿ â äèàãíîñòè÷åñêèõ äèàãðàììàõ ( H , [OIII]

5007 Å , [OI] 6300 Å , H , [NII] 6583 Å , è [SII] 6716+6731 Å ) [6].

3. Ñïåêòðàëüíàÿ êëàññèôèêàöèÿ. Â ýòîé ðàáîòå áûëî èñïîëüçîâàíî

íåñêîëüêî ìåòîäîâ äëÿ êëàññèôèêàöèè èññëåäóåìûõ ñïåêòðîâ [7,8]:

1. Âèçóàëüíûé ìåòîä (ñ ó÷åòîì âñåõ òîíêîñòåé è ýôôåêòîâ, â ò.÷. âîçìîæ-

íûõ øèðîêèõ ëèíèé, íå âûÿâëÿþùèõñÿ íà äèàãíîñòè÷åñêèõ äèàãðàììàõ).

2. Äèàãíîñòè÷åñêèå äèàãðàììû ñ èñïîëüçîâàíèåì îòíîøåíèé èíòåíñèâ-

íîñòåé ëèíèé   HOIII  è   HOI  [9].

3. Äèàãíîñòè÷åñêèå äèàãðàììû ñ èñïîëüçîâàíèåì îòíîøåíèé èíòåíñèâ-

íîñòåé ëèíèé   HOIII  è   HNII  [9].

4. Äèàãíîñòè÷åñêèå äèàãðàììû ñ èñïîëüçîâàíèåì îòíîøåíèé èíòåíñèâ-

íîñòåé ëèíèé   HOIII  è   HSII  [9].

Äëÿ ýòèõ îáúåêòîâ â ñïåêòðàõ, â îñíîâíîì, ëèíèè H  è H  îòñóòñòâîâàëè,

ïîýòîìó ìû âûïîëíèëè êëàññèôèêàöèè òîëüêî ñ âèçóàëüíûì ìåòîäîì.

Â òàáë.3 è íà ðèñ.2 ïðèâåäåíà íàøà ñïåêòðàëüíàÿ êëàññèôèêàöèÿ äëÿ 150

BZG îáúåêòîâ ñ èñïîëüçîâàíèåì SDSS ñïåêòðîâ.

Èç òàáë.3 è ðèñ.2 âèäíî, ÷òî ýòè îáúåêòû â îñíîâíîì ÿâëÿþòñÿ Em è

Àbs (îêîëî 80%) ãàëàêòèêàìè è äî íàñ íå áûëè êëàññèôèöèðîâàíû. 30 (20%)

îáúåêòîâ (S, LINER è Composite) íå èìåëè îïòè÷åñêîé êëàññèôèêàöèè èëè

èçìåíèëè êëàññ, òîëüêî 5BZG J1532+3020 áëàçàð áûë êëàññèôèöèðîâàí êàê

LINER è îñòàëñÿ êàê LINER. Èòàê, ìîæíî çàêëþ÷èòü, ÷òî ìû äàåì äåòàëüíóþ

îïòè÷åñêóþ êëàññèôèêàöèþ ïðàêòè÷åñêè äëÿ âñåõ 150 îáúåêòîâ.

Ðèñ.1. Îïòè÷åñêèå èçîáðàæåíèÿ ïðîòÿæåííûõ áëàçàðîâ 5BZG J0850+4036 è 5BZG

J0906+4124 èç SDSS.
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Â òàáë.4 ïðåäñòàâëåíà íàøà äåòàëüíàÿ êëàññèôèêàöèÿ 150 BZG îáúåêòîâ

ñ èñïîëüçîâàíèåì SDSS ñïåêòðîâ.

Íà ðèñ.3, 4 è 5 ïðåäñòàâëåíû òèïè÷íûå ñïåêòðû BZG îáúåêòîâ òèïà S,

LINER è Composite.

S1.2 1 (0.7%)

S1.5 1 (0.7%)

S1.8 1 (0.7%)

LINER 18 (12%)

S1.8/LINER 8 (5.2%)

S2.0/LINER 1 (0.7%)

Em 42 (28%)

Abs 78 (52%)

Âñåãî 150 (100%)

Ðèñ.2. Íîâàÿ êëàññèôèêàöèÿ BZG îáúåêòîâ ñ èñïîëüçîâàíèåì SDSS ñïåêòðîâ.

Òàáëèöà 3

ÊËÀÑÑÈÔÈÊÀÖÈß BZG ÎÁÚÅÊÒÎÂ Ñ ÈÑÏÎËÜÇÎÂÀÍÈÅÌ

SDSS ÑÏÅÊÒÐÎÂ
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Íàçâàíèå SDSS Ðàäèî         Ïðåæíÿÿ Íîâàÿ

îáúåêòà r Àáñîëþòíàÿ Êðàñíîå ñïåêò-        îïòè÷åñêàÿ îïòè÷åñêàÿ

(5BZG) çâåçäíàÿ ñìåùåíèå ðàëüíûé     êëàññèôèêàöèÿ êëàññèôè-

âåëè÷èíà èíäåêñ SDSS VCV NED êàöèÿ

1 2 3 4 5 6 7 8 9

J0001-1031 17.846 -21.72 0.2516 -0.2 GAL BL - Abs
J0014+0854 17.191 -21.84 0.1633 -0.6 GAL BL FSS Em
J0022+0006 18.557 -21.25 0.3057 - GAL BL BL Lac Abs
J0027+2607 18.26 -21.81 0.3645 -0.22 GAL BL - LINER
J0056-0936 15.193 -21.38 0.1031 -0.33 GAL - - Em
J0059-0150 17.135 -21.95 0.1439 -0.18 GAL - - Abs
J0103+1526 17.213 -22.02 0.2461 -0.32 GAL BL FSS Em
J0106+2539 17.41 -21.4 0.1975 0.18 GAL BL FSS LINER
J0146-0551 19.816 -20.99 0.4992 -0.44 GAL BL BL Lac Em
J0153-0118 17.681 -21.96 0.2445 -0.84 GAL BL? - Abs
J0202-0559 17.592 -21.89 0.1895 -0.4 GAL - FSS LINER
J0737+3517 16.665 -22.6 0.2104 -0.97 GAL ? - Em
J0741+3205 16.649 -21.9 0.1792 -0.37 GAL BL - Em
J0745+3312 17.329 -22.27 0.2197 -0.85 GAL - - Abs
J0748+2115 17.297 -22.51 0.2631 - GAL - - Em
J0749+2313 17.026 -22.14 0.1741 -0.43 GAL BL? BL Lac? Em
J0751+2913 17.847 -21.46 0.1944 - GAL - - Abs
J0751+1730 16.805 -22.51 0.1865 - GAL BL - LINER
J0753+2921 17.196 -22.17 0.161 - GAL BL - Abs
J0754+4202 18.998 -21.38 0.3692 - GAL BL BL Lac Abs
J0754+4546 19.327 -21.37 0.4558 -0.88 GAL - - Abs
J0756+3834 16.968 -22.3 0.2156 -0.65 GAL - - S1.8/LINER
J0758+2705 17.224 -21.56 0.0987 -0.01 GAL BL BL Lac LINER
J0809+3122 18.848 -21.02 0.2956 -0.57 GAL BL BL Lac Em
J0809+3455 15.841 -21.75 0.0825 -0.32 GAL BL BL Lac Em
J0810+4911 15.644 -22.69 0.1147 - GAL BL Abs
J0810+2846 19.044 -21.11 0.2717 - GAL BL BL Lac Abs
J0814+0857 19.457 -20.94 0.24 - GAL BL - Abs
J0823+1524 17.121 -22.12 0.1667 - GAL - - Em
J0828+4153 17.484 -21.96 0.226 -0.58 GAL ? BL Lac Abs
J0829+1754 15.622 -21.96 0.0895 -0.37 GAL BL? - Em
J0831+5400 15.301 -21.91 0.0617 0.51 GAL - - LINER
J0834+5534 17.186 -21.62 0.2415 -0.15 QSO S2 - LINER
J0835+1517 16.71 -22.06 0.1684 0.05 GAL - FSS Em
J0839+4015 16.854 -22.01 0.1941 -0.53 GAL - - Abs
J0850+4036 17.43 -22.11 0.2666 0.03 GAL - FSS Em
J0850+3455 16.194 -22.12 0.145 -0.1 GAL BL BL Lac Abs
J0852+2433 18.305 -21.5 0.3576 -0.48 GAL BL BL Lac Abs
J0856+5418 16.708 -22.75 0.2593 -0.7 GAL - - Abs

Òàáëèöà 4

ÑÏÈÑÎÊ 150 BZG ÎÁÚÅÊÒÎÂ, ÊËÀÑÑÈÔÈÖÈÐÎÂÀÍÍÛÕ Ñ

ÏÎÌÎÙÜÞ ÑÏÅÊÒÐÎÂ SDSS
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1 2 3 4 5 6 7 8 9

J0857+0627 19.289 -20.89 0.3379 - GAL BL? BL Lac Abs
J0903+4055 17.128 -22.19 0.1882 -0.37 GAL BL? BL Lac Abs
J0905+4705 16.794 -22.33 0.1736 -0.23 GAL - FSS Em
J0906+4124 13.663 -21.52 0.0274 0.25 GAL - FSS Em
J0912+5320 15.937 -22.13 0.1017 -0.43 GAL S2 Sy 2 LINER
J0912+4235 17.689 -22.19 0.2662 -0.88 GAL - - Abs
J0916+5238 16.859 -22.33 0.1904 -0.61 GAL BL - Em
J0927+5545 17.425 -21.97 0.221 -0.54 GAL - - Abs
J0932+3630 16.702 -22.19 0.1538 -0.53 GAL BL? - Em
J0940+6148 17.653 -21.88 0.2105 - GAL BL BL Lac Abs
J0946+5819 16.053 -22.59 0.1469 -0.42 GAL - - Em
J0948+5535 15.82 -22.66 0.1176 -0.2 GAL - - Em
J0950+1804 17.705 -21.37 0.1544 0.14 GAL - FSS LINER
J1012+3932 17.343 -22.02 0.1709 -0.07 GAL BL? BL Lac Abs
J1018+3128 16.891 -22.1 0.1614 - GAL BL? BL Lac? Abs
J1020+6250 17.759 -22.01 0.2496 -0.28 GAL BL BL Lac Abs
J1022+5124 17.574 -21.57 0.1416 - GAL - - LINER
J1028+0555 18.584 -21.2 0.2336 - GAL BL? BL Lac Abs
J1028+1702 16.763 -22.18 0.1691 -0.58 GAL - - Abs
J1033+4222 17.337 -22.33 0.211 -0.45 GAL BL? BL Lac Abs
J1041+1324 18.47 -21.47 0.3748 -0.48 GAL BL - Abs
J1041+3901 17.179 -22.26 0.2084 -0.43 GAL BL? BL Lac Abs
J1048+5009 19.121 -20.87 0.4025 - GAL BL? BL Lac Abs
J1052+4241 16.749 -21.92 0.1362 -0.2 GAL - FSS LINER
J1053+4929 16.014 -21.93 0.1405 -0.29 GAL BL BL Lac Em
J1056+0252 18.026 -21.61 0.236 - GAL BL BL Lac Abs
J1059+4343 18.728 -21.75 0.4587 -0.46 GAL BL? - Abs
J1100+4210 18.139 -21.61 0.3229 - GAL BL? BL Lac? Abs
J1103+0022 18.045 -21.53 0.2745 -0.37 GAL BL BL Lac Em
J1105+4653 17.259 -21.26 0.1125 -0.25 GAL - - LINER
J1108+0202 16.621 -22.29 0.1576 -0.36 QSO S1 - S2.0/LINER
J1119+0900 17.504 -22.8 0.3315 -0.72 GAL - - Em
J1121+4314 17.023 -22.03 0.1854 0.05 GAL - - LINER
J1124+5133 16.79 -22.56 0.235 -0.25 GAL BL - Em
J1132+0515 16.181 -21.76 0.1008 0.11 GAL S2 - LINER
J1136+2550 16.779 -21.94 0.1544 - GAL BL BL Lac Em
J1145-0340 17.11 -22.07 0.1678 - GAL BL BL Lac Abs
J1147+3501 14.581 -22.2 0.0629 0.17 GAL S2 FSS S1.8
J1154+0238 17.841 -21.66 0.2107 -0.3 GAL S1 FSS S1.8/LINER
J1154+1225 15.825 -21.3 0.0811 0.55 GAL - FSS LINER
J1156+4238 17.155 -21.95 0.1716 - GAL BL BL Lac Abs
J1157+2822 17.882 -21.91 0.3 - GAL - - Abs
J1158+2450 17.684 -21.83 0.2026 0.06 QSO - FSS S1.8/LINER
J1200+4758 17.811 -22.02 0.2695 -0.87 GAL - Em
J1201-0007 16.868 -22.13 0.1651 -0.72 GAL BL? - Abs
J1201-0011 18.607 -20.4 0.1637 - GAL - - Abs
J1210+0223 18.044 -22.38 0.3832 -0.89 GAL - - Abs

Òàáëèöà 4 (Ïðîäîëæåíèå)
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1 2 3 4 5 6 7 8 9

J1221+4742 17.504 -21.99 0.2098 -0.58 GAL BL? BL Lac Abs
J1221+0821 17.106 -21.86 0.1318 -0.48 GAL BL? BL Lac? Em
J1223+4650 17.706 -22.03 0.2605 - GAL BL? - Abs
J1226+2604 17.461 -22.09 0.1761 - GAL BL BL Lac Abs
J1233+5026 17.529 -21.86 0.2068 -0.51 GAL - FSS Em
J1235+1700 18.767 -21.36 0.3806 -0.49 GAL - - Abs
J1238+5406 17.338 -22.18 0.2237 -0.34 GAL BL BL Lac Abs
J1243+5212 17.301 -22 0.1998 -0.26 GAL - - Abs
J1253+0326 14.789 -20.8 0.0657 -0.25 GAL BL? BL Lac Abs
J1322+1344 18.724 -21.5 0.3763 - GAL - - Abs
J1323+0439 17.9 -20.82 0.2244 -0.36 GAL BL BL Lac Abs
J1324+5739 15.811 -22.55 0.1151 -0.06 GAL BL - Em
J1326+1229 17.395 -21.99 0.2042 - GAL BL BL Lac Em
J1331+5655 18.444 -21.25 0.2701 - GAL BL? BL Lac Abs
J1341+3959 17.492 -21.98 0.1714 -0.56 GAL BL BL Lac Em
J1341+3716 16.735 -22.21 0.1745 -0.35 GAL - FSS Abs
J1346+2440 17.316 -21.77 0.1675 -0.05 GAL BL BL Lac Abs
J1348+0756 17.07 -22.28 0.2496 -0.46 GAL - - Abs
J1353+3741 16.769 -22.17 0.2159 -0.09 GAL BL BL Lac Abs
J1424+3705 17.579 -22.12 0.2896 -0.64 GAL BL? - Abs
J1427+3908 18.277 -21.06 0.1649 - GAL BL? BL Lac Em
J1428+3912 17.668 -21.98 0.2583 -0.48 GAL S1 FSS LINER
J1435-0055 18.17 -21.53 0.2851 - GAL BL BL Lac Abs
J1435+5815 18.339 -21.43 0.3027 -0.31 GAL BL - Abs
J1436+4129 19.92 -20.27 0.4035 -0.26 GAL BL? BL Lac Abs
J1444+6336 18.497 -21.43 0.2979 - GAL BL BL Lac Abs
J1445+0039 17.927 -21.86 0.3062 - GAL - - Em
J1449+2746 18.162 -21.58 0.2272 -0.65 GAL BL FSS Em
J1451+5800 18.821 -21.54 0.4052 - GAL BL BL Lac Abs
J1504-0248 16.591 -21.65 0.2169 -0.84 GAL S1 Sy 1 LINER
J1506+0219 17.93 -21.46 0.2202 - GAL - - Abs
J1512+0203 17.648 -21.54 0.2199 -0.65 GAL S1 Sy 1 S1.8/LINER
J1516+0015 14.802 -22.11 0.0526 -0.41 QSO S3 FSS S1.8/LINER
J1516+2918 16.323 -22.15 0.1299 -0.48 GAL BL? - Abs
J1518+4045 15.075 -21.83 0.0652 -0.36 GAL S1 Sy 1 S1.8/LINER
J1531+0852 16.883 -22.11 0.1584 - GAL - - Abs
J1531+4659 18.086 -21.66 0.316 -0.14 GAL BL? BL Lac Abs
J1532+3016 15.435 -21.78 0.0653 -0.05 GAL BL? BL Lac? Em
J1532+3020 17.421 -21.72 0.3621 -0.28 GAL S3 - LINER
J1539+4143 15.287 -22.89 0.1194 -0.11 GAL BL? - Em
J1544+0458 18.372 -21.46 0.3262 0.08 GAL ? BL Lac? Abs
J1544+5017 19.841 -21 0.494 0.24 GAL - - Em
J1552+3159 20.799 -20.46 0.5843 - GAL - - Abs
J1604+3345 17.229 -21.64 0.1772 - GAL - - Abs
J1616+3756 18.038 -21.71 0.202 - GAL BL BL Lac Abs
J1624+3726 17.363 -21.81 0.1992 -0.63 GAL BL - Abs
J1628+2527 17.28 -22.18 0.2199 -0.6 GAL BL? - Abs

Òàáëèöà 4 (Ïðîäîëæåíèå)
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1 2 3 4 5 6 7 8 9

J1637+4547 17.211 -22.12 0.1922 -0.69 GAL BL BL Lac Em
J1643+2131 18.881 -20.52 0.1544 - GAL - - Abs
J1644+4546 17.224 -22.25 0.2246 -0.41 GAL BL BL Lac Em
J1647+2909 16.102 -22.25 0.133 -0.66 GAL - - Em
J1717+2931 18.061 -21.3 0.278 - GAL - - S1.8/LINER
J1727+5510 17.203 -22.09 0.2475 0.15 QSO S? FSS S1.8/LINER
J2054+0015 17.099 -21.92 0.1508 -0.02 GAL BL FSS Em
J2055-0506 18.385 -21.28 0.3425 -0.07 GAL BL BL Lac Em
J2059-0037 18.802 -21.23 0.3354 - GAL BL - Abs
J2116-0628 18.495 -21.42 0.2915 - GAL BL BL Lac Abs
J2211-0023 19.313 -20.85 0.4479 - GAL BL BL Lac Abs
J2248-0036 17.337 -22.12 0.2123 -0.37 GAL BL BL Lac Abs
J2256+2618 17.139 -21.64 0.1203 0.01 QSO S1 Sy 1 S1.5
J2311-0946 19.844 -21.07 0.4901 - GAL BL? - Abs

Òàáëèöà 4 (Îêîí÷àíèå)
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4. Ðàäèî/îïòè÷åñêèå ñâîéñòâà BZG. Äëÿ íàøèõ îáúåêòîâ áûëà

ðàññ÷èòàíà àáñîëþòíàÿ çâåçäíàÿ âåëè÷èíà (äëÿ SDSS_r äèàïàçîíà), èñïîëüçóÿ

ôîðìóëó:

    , log55 zmkDmM  (1)

ãäå D - ðàññòîÿíèå äî îáúåêòà [10]. Ïàðàìåòðû k è  zm  áûëè âçÿòû èç

ðàáîòû Âåðîí-Ñåòòè è Âåðîíà [5]. Ðàññòîÿíèÿ äî îáúåêòîâ áûëè ðàññ÷èòàíû,

èñïîëüçóÿ ýòè êîñìîëîãè÷åñêèå ïàðàìåòðû: H
0

 = 71 êì ñ-1
 Ìïñ-1, 290.M  ,

710.  è îïòè÷åñêèé ñïåêòðàëüíûé èíäåêñ 30.  ( ~S ) [5].

Ðèñ.4. Ëàéíåðû (LINERs).

f 
 (

1
0

-1
7
 ý
ð
ã 
ñ-

1
 ñ
ì

-2
 Å

-1
)

4000 6000 8000 10000

0

10

20

OII

NeIII
H

H

OIII

H

OIII

HeI OI SII

ArIII

NII NII
H

KH

G
Mg NaD CaII

5BZG J0202-0559

0

40

20

4000 6000 8000 10000

OII

NeIII
H

H
OIII

H

OIII

HeI

OI
SII

ArIII

NII NII
H5BZG J0834+5534

f 
 (

1
0

-1
7
 ý
ð
ã 
ñ-

1
 ñ
ì

-2
 Å

-1
)

Äëèíà âîëíû ( Å )

0

100

OII

NeIII H

H

OIII

H
OIII

HeI

OI

SII

ArIII

NII NII
H

4000 6000 8000

5BZG J1504-0248

Äëèíà âîëíû ( Å )

4000 6000 8000

200

300

0

OII

NeIII
H

H

OIII

H

OIII

HeI

OI

SII

NII NII
H5BZG J1532+3020

Mg

Ïàðàìåòðû îáúåêòîâ Äèàïàçîí Ñðåäíåå çíà÷åíèå

Àáñîëþòíàÿ çâåçäíàÿ âåëè÷èíà (SDSS_r) 89222720 ..  -21.79
Ðàäèî ñïåêòðàëüíûé èíäåêñ 550970 ..  -0.34
Êðàñíîå ñìåùåíèå 5843002740 ..  0.2235

Òàáëèöà 5

ÀÁÑÎËÞÒÍÀß ÇÂÅÇÄÍÀß ÂÅËÈ×ÈÍÀ, ÐÀÄÈÎÑÏÅÊÒÐÀËÜÍÛÉ

ÈÍÄÅÊÑ È ÊÐÀÑÍÎÅ ÑÌÅÙÅÍÈÅ ÄËß BZG ÎÁÚÅÊÒÎÂ



26 À.Â.ÀÁÐÀÌßÍ  È  ÄÐ.

Ðèñ.5. Îáúåêòû ñ ñîñòàâíûìè ñïåêòðàìè (Composite spectrum objects).
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Ðèñ.6. Ðàñïðåäåëåíèå ïî êðàñíîìó ñìåùåíèþ äëÿ 150 èññëåäóåìûõ îáúåêòîâ.
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     , 11
0

503

0





z

.

M dzzz
H

c
D (2)

ãäå z  - êðàñíîå ñìåùåíèå,    11log52 z.k  à  zm  ïîïðàâêà k, êîòîðàÿ

çàâèñèò îò z  [5].

Â òàáë.5 äàíû íàøè ðàñ÷åòû ïî àáñîëþòíûì çâåçäíûì âåëè÷èíàì. À

òàêæå åñòü èíôîðìàöèÿ î ðàäèîñïåêòðàëüíûõ èíäåêñàõ, êîòîðûå áûëè âçÿòû

èç êàòàëîãà SPECFIND [11].

Íà ðèñ.6 äàíî ðàñïðåäåëåíèå ïî êðàñíîìó ñìåùåíèþ äëÿ 150 èññëåäóåìûõ

îáúåêòîâ.

Èç òàáë.5 è ðèñ.6 âèäíî, ÷òî èññëåäóåìûå îáúåêòû èìåþò êðàñíûå

ñìåùåíèÿ äî 0.6. Íà ðèñ.6, â êëàññ AGN âõîäÿò Ëàéíåðû (LINER), Cåéôåðòû

(S) è ñîñòàâíûå (Composite).

Íà ðèñ.7 ìû ïîñòðîèëè äèàãðàììó çàâèñèìîñòè çâåçäíîé âåëè÷èíû îò

öâåòà. Êàê è íà ðèñ.6, çäåñü (íà ðèñ.7) òîæå â êëàññ AGN âõîäÿò Ëàéíåðû

Ðèñ.7. Çàâèñèìîñòü çâåçäíîé âåëè÷èíû îò öâåòà,
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(LINER), Cåéôåðòû (S) è ñîñòàâíûå (Composite). Íà ðèñóíêå âèäíî, ÷òî

îáúåêòû, êîòîðûå èìåþò àáñîðáöèîííûå ñïåêòðû, â ñðåäíåì îòëè÷àþòñÿ îò

îáúåêòîâ, ó êîòîðûõ ñïåêòðû êëàññèôèöèðîâàíû êàê Åm è AGN.

5. Ðåçóëüòàòû. Äëÿ âûÿñíåíèÿ îïòè÷åñêîé ïðèðîäû ïðîòÿæåííûõ

áëàçàðîâ, áûëè âûáðàëè îáúåêòû BZG èç êàòàëîãà BZCAT. Èç êàòàëîãà SDSS

äëÿ 150 èç 274 BZG îáúåêòîâ èìåþòñÿ îïòè÷åñêèå ñïåêòðû, äëÿ êîòîðûõ

áûëà ïðîâåäåíà äåòàëüíàÿ ñïåêòðàëüíàÿ êëàññèôèêàöèÿ. Íà ðèñ.3, 4 è 5

âèäíî, ÷òî èç 150 îáúåêòîâ 30 (20%) èìåþò êà÷åñòâåííûå îïòè÷åñêèå ñïåêòðû.

Ìû äàëè íîâóþ äåòàëüíóþ ñïåêòðàëüíóþ êëàññèôèêàöèþ äëÿ 149 îáúåêòîâ

è ëèøü îäèí îáúåêò îñòàëñÿ ñ ïðåæíåé êëàññèôèêàöèåé êàê LINER.

Ðàäèî èñëåäîâàíèå ïîêàçàëî, ÷òî èç 150 îáåêòîâ 104 èìåþò ðàäèî ñïåêòðû.

Èç òàáë.5 âèäíî, ÷òî ýòè îáúåêòû â îñíîâíîì èìåþò ïëîñêèé ðàäèî ñïåêòð

(69%). Ó òàêèõ îáúåêòîâ, â ðàäèî ñïåêòðàõ, çíà÷åíèå ðàäèîñïåêòðàëüíîãî

èíäåêñà ìåíüøå, ÷åì ±0.5. Ñ òàêèìè ðàäèî ñïåêòðàìè äîìèíèðóþò êâàçàðû,

ò.å. èññëåäóåìûå îáúåêòû äîëæíû áûòü ðîäñòâåííûìè, ñêîðåå âñåãî Ñåéôåð-

òîâñêèìè ãàëàêòèêàìè (îáúåêòû, êëàññèôèöèðîâàííûå êàê Em) è ñêðûòûìè

AGN (îáúåêòû, êëàññèôèöèðîâàííûå êàê Abs).

Èç òàáë.3 âèäíî, ÷òî èç 150 îáúåêòîâ 78 èìåþò Abs ñïåêòðû, õîòÿ îíè

â êàòàëîãå BZCAT ïðåäñòàâëåíû êàê BZG îáúåêòû. Íàøå äåòàëüíîå ðàäèî è

îïòè÷åñêîå èññëåäîâàíèå ýòèõ îáúåêòîâ ïîêàçàëî, ÷òî ó íèõ ðàäèî ïîòîêè (1400

ÌÃö, FIRST) â ñðåäíåì ñîñòàâëÿþò 0.16 ÷àñòü îïòè÷åñêîãî ïîòîêà (SDSS_r).

À òàêæå èç 78 îáúåêòîâ 66 ÿâëÿþòñÿ èñòî÷íèêàìè ðåíòãåíîâñêîãî èçëó÷åíèÿ.

Ýòî åùå ðàç ïîäòâåðæäàåò íàøå ïðåäïîëîæåíèå î òîì, ÷òî ýòè îáúåêòû ìîãóò

ÿâëÿòüñÿ ñêðûòûìè AGN.

Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå Êîìèòåòà ïî íàóêå ÐÀ, â ðàìêàõ

èññëåäîâàòåëüñêîãî ïðîåêòà No. 21AG-1C053 "Âûÿâëåíèå ðàííèõ ñòàäèé

ýâîëþöèè ãàëàêòèê ñ ïîìîùüþ ìíîãîâîëíîâîãî èçó÷åíèÿ àêòèâíûõ ãàëàêòèê

(2021-2026) è ãðàíòà Íàöèîíàëüíîãî ôîíäà íàóêè è îáðàçîâàíèÿ Àðìåíèè

(ANSEF) PS-astroex-2597 "Ïîèñê è èññëåäîâàíèå ðåíòãåíîâñêèõ ãàëàêòèê

âûñîêîé ñâåòèìîñòè (2022-2023).

ÍÀÍ ÐÀ Áþðàêàíñêàÿ àñòðîôèçè÷åñêàÿ îáñåðâàòîðèÿ èì. Â.Àìáàðöóìÿíà

(ÁAO), Àðìåíèÿ, e-mail: abrahamyanhayk@gmail.com
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OPTICAL CLASSIFICATION OF BZG OBJECTS FROM
BZCAT BLAZAR CATALOG

H.V.ABRAHAMYAN, A.M.MICKAELIAN, G.M.PARONYAN,
G.A.MIKAYELYAN, A.G.SUKIASYAN

In the catalogue of blazars BZCAT, objects are divided into 4 types: BZB,

BZQ, BZG and BZU. In this work we investigate BZG objects with a purpose

of revelation of their physical nature. 150 out of 274 BZG objects have optical

spectra in the SDSS spectroscopic catalog and a detailed spectral classification for

these objects has been carried out. Radio study shows that these objects mainly

(69%) have a flat radio spectrum. For such objects, in the radio spectra, the value

for the radio spectral index is less than ±0.5. Objects with such radio spectra are

dominated by quasars. However, with the increase of redshift, radio spectrum in

average becomes steeper.

Keywords: blazar: quasar: optical spectral classification: radio spectral index
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